Abstract. We report on neutron scattering studies of a rare earth intermetallic compound ErNi2Ge2. Polarized neutron scattering experiments revealed that the magnetic ordered moment m lies in ab-plane. Taking account of a lack of the third higher harmonic reflection, ErNi2Ge2 is considered to have a helical magnetic structure. The magnetic scattering profiles along the [100]
Long-range interactions in magnetic systems, such as the dipolar interaction and the RKKY interaction, cause diverse magnetism because of their competing nature. For instance, Ising spin systems, such as PrCo 2 Si 2 [1] and CeSb [2] , reveal long-period magnetic soliton structures and complicated successive phase transitions in temperature (T ) and magnetic field (H). On the other hand, long-period helically modulated magnetic structures are realized in Heisenberg and XY spin systems, such as Ho [3] and MnAu 2 [4] .
Rare-earth intermetallic compounds RT 2 X 2 with the tetragonal ThCr 2 Si 2 -structure (space group I4/mmm) are good examples for studying the competing nature of the long-range RKKY interaction in the Ising-type, the XY-type and the Heisenberg-type spin systems. In the RT 2 X 2 -system, the magnetic anisotropy varies from the Ising-type to the XY-type systematically as magnetic rare-earth R 3+ -ions being heavier [5] . In spite of the simple crystallographic structure, the RT 2 X 2 -system exhibits rich magnetic properties, such as incommensurate magnetic structures and complicated HT phase diagrams [1, 6, 7] .
ErNi 2 Ge 2 is a candidate for the XY-type spin system in the RT 2 X 2 -system. Magnetization measurements by using a single crystalline sample revealed easy-plane type magnetic anisotropy and an antiferromagnetic phase transition at T N = 2.6 K [5] . The tetragonal ab-plane is the magnetic easy plane and the magnetization along the c-axis is less than 1/10 of the abplane magnetization. According to neutron powder diffraction experiments [8] , ErNi 2 Ge 2 has a long-period sinusoidally modulated magnetic structure with the magnetic wave vector k mag ≃ (0, 0, 0.75) and the magnetic ordered moment forms an angle 64 • with the c-axis. This magnetic structure is inconsistent with strong easy-plane type anisotropy observed in the magnetization measurements. In ref. [8] , the helical structure also arises as a possible magnetic structure.
In this article, we report on our recent results of polarized and unpolarized neutron scattering studies by using single crystalline samples of ErNi 2 Ge 2 . Polarized neutron scattering experiments exhibit that the magnetic ordered moment in ErNi 2 Ge 2 lies in the ab-plane. Successive phase transitions do not arise in contrast with the case of Ising-type systems as TbNi 2 Ge 2 [6] . Instead, a novel anisotropic magnetic diffuse scattering was found in the antiferromagnetic ordered phase.
Single crystalline samples of ErNi 2 Ge 2 were grown by the Czochralski method with a tetraarc furnace. Magnetization measurements were performed by using a SQUID magnetometer MPMS (Quantum Design). Polarized and unpolarized neutron scattering experiments were performed on the triple-axis spectrometer PONTA and HQR at the JRR-3M reactor in JAEA, respectively. The polarized neutron energy E = 13.5 meV was chosen by Heusler monochromator and analyzer. The direction of the polarization vector of neutron spins P was tuned to be parallel or perpendicular to the scattering vector K by using Helmholtz coils. The polarization ratio of the neutron spins was estimated from the nuclear Bragg peak at (0, 0, 4) as being ∼ 20. The unpolarized neutron energy E = 13.5 meV was selected by PG monochromator and analyzer. A PG filter was used to eliminate higher harmonic reflections from the monochromator. [100]
[110]
[001]
[100]* Fig. 1 (a) . As reported in ref. [5] , strong easy-plane type magnetic anisotropy was found. In magnetic easy ab-plane, weak magnetic anisotropy exists and the [110]-axis is the magnetic easy axis. Similar in-plane anisotropy was found in several Er-compounds in the RT 2 X 2 -system [9, 10] . Solid lines in Fig.1 (a) are calculated results based on the 2-sublattice mean-field (MF) Hamiltonian with the crystalline-electric-field (CEF) H MF + H CEF . The magnetic anisotropy of ErNi 2 Ge 2 is well described by the CEF effect in the tetragonal symmetry. The Néel temperature T N was estimated to be 3.0 K, being slightly higher than that reported previously [5] . Magnetic scattering at the 3rd higher harmonic position, K = G 004 − 3k mag = (0, 0, 1.75), was hardly observed, whose intensity is less than 1/1000 of that at (0, 0, 3.25). Hence, the possible magnetic modulation is either the purely sinusoidal or the helical one. Taking account of localized nature of magnetic f-electrons of Er-ions, the helical modulation is most probable. Fig. 2 (c) exhibits a narrow peak, being considered in the resolution limit. The results indicate existence of an anisotropic short-range order whose correlation length in the ab-plane ξ ab is finite and that along the c-axis ξ c is infinite or too long to be observed in the present experimental conditions. For a numerical analysis of the scattering profiles along the [100] * -and the [110] * -axes, we used the following functional form S(q ab ) with the Gaussian resolution functions,
where κ ab (= 2π/ξ ab ) and q ab are an inverse correlation length and a component of q in the ab-plane, respectively. The first term represents the magnetic Bragg reflection at K, giving a Gaussian component with a width of the resolution limit. The second term is a modified Lorentzian, being a simple standard Lorentzian when the exponent θ = 1, which represents the anisotropic diffuse component. This form describes well the experimental data as shown in Figs.
(a) and (b)
. From the analysis with Eq. (1), S 2 0 = 53.75 ± 0.90, D 0 = (2.00 ± 0.12) × 10 3 , κ ab = (9.05 ± 0.61) × 10 −3Å −1 = (5.78 ± 0.39) × 10 −3 a * and θ = 1.28 ± 0.04 were obtained. The profiles along the [001] * -direction can be fitted to only the Gaussian term with a width of the resolution limit, as shown in Fig. 2 (c) .
It is an open question what is the origin of the anisotropic magnetic short-range order in ErNi 2 Ge 2 . The diffuse scattering component was not observed at all above and below T N in nuclear scattering profiles. Hence, the observed magnetic short-range order does not come from neither crystallographic disorder nor chemical distortion driven by the antiferromagnetic transition through magnetoelastic couplings. The anisotropy of the diffuse scattering strongly suggests that the magnetic short-range order consists of one dimensional long-range helices along the c-axis, and the 'phase' of the helix fluctuates with ferromagnetic correlations in the ab-plane. It looks similar to the Kosterlitz-Thouless phase in two dimensional ferromagnetic XY spin systems [11] . The frustration coming from the competing long-range interactions in the ab-plane could derive such short-range order. In contrast, the Ising system, i.e. TbRu 2 Si 2 [12] , reveals quite complicated, but being long-ranged, two dimensional patterns in the ab-plane. In ErNi 2 Ge 2 , the XY-like continuous freedom of the phase of the helix may allow existence of the short-range order with the finite correlation length ξ ab ∼ 170a in the long-range order.
